This paper deals with finite element modeling (FEM) and simulation of machining of titanium alloy and H-13 tool steel. Titanium alloys are very suitable for airframe manufacture and aircraft as H-13 uses forging dies and machined die casting. The machinability of both metals was evaluated by high temperature and tool wear. Finite element simulation was performed with ABAQUS explicit software to predict cutting temperature and stress distribution during metal cutting process. The purpose of this study was evaluation the performance of PCBN cutting tool material on machining of titanium alloy and H-13. It was found that PCBN tool can resistant well against high thermal shocks, high temperature and stress distribution when machining difficult to cut materials. The results can give a better understanding of cutting tool material for metal cutting process.
During metal cutting operation, the mechanical energy due to the plastic deformation developed at tool/chip interface which is converted into heat. This temperature rise impact on the tool wear, short tool life and surface integrity of material. It is well observed that the rate of tool wear is greatly dependent on the tool-chip interface temperature in metal cutting process [1] .Titanium is a difficult to machine material due to low thermal conductivity and chemical reactivity with cutting tools, which leads to fast tool wear [2] . Similarity, H-13 tool steel is the toughest of the conventional tool steel. Due to its extreme toughness, good red hardness and poor conductivity cutting results in high temperature and stress distribution at the deformation zone can weakens cutting tool material, therefore breakage tool [3] .
In research area of metal cutting process, the prediction of cutting temperature are the most difficult and hot topics. There are several experimental methods such as embedded thermocouple and infrared technique [4] to measure cutting temperatures at tool/chip/work piece interface. Although, experimental work can obtain accurate results but they are expensive and time consuming. Due to these limitations several numerical and analytical methods have been used to predict temperature and stress distributions at cutting zone. A finite element modeling is a numerical technique which provides an accurate, fast and innovation approach for finding approximate solutions to boundary value problems. However, this powerful computer-based tool can predict the behavior of the actual object and may assist in reducing the cost of manufacturing where experimental works are expensive and time consuming [5] .
In this paper, a finite element method based on ABAQUS software was performed to study the influence of PCBN cutting tool material in machining of titanium alloy and H-13 tool steel. This analysis was considered necessary because high temperature and stress distribution influence the productivity, surface quality, tool wear and costs, but also it is less discussed in literature.
To run the simulation was used ABAQUS/Explicite software to simulate the cutting operation. The workpiece material and cutting tool use four-node bilinear displacement and temperature (CPE4RT) for the coupled thermo-mechanical calculation. The workpiece was considered as elasto-plastic body with a mesh of 3390 elements where tool was modeled as an elastic body with rake angle and relief angle 0° and 5° respectively and the noise radius of 0.02. The mesh division of cutting tool was set to 14358 elements. Machining parameters used in this case were: cutting speed 300 m/min, 0.2 mm/rev feed rate, 2.5 mm depth of cut, 3.0 mm width of cut as constant. The general scheme of finite element simulation of an orthogonal cutting process is shown in Fig 1.   Fig. 1 .General scheme of finite element simulation.
The constitutive model proposed by Johnson and Cook material model [6] describe the relationship of stress, strain, strain rate and temperature fields that are individually determined as shown in Eq. (1) . This particular plasticity model is suitable in FEM simulation of materials at high strain rates [7] .
In the above equation, the first parenthesis is elastic-plastic term and it indicates strain hardening. The next one is viscosity term and it represents that flow stress of material increases when workpiece material is exposed to high strain rates. Finally, the third or last one is temperature softening term. is the true stress, the parameters and are material constants that are found by material tests. In this model, is initial yield stress (MPa), is the hardening module, is the strain rate dependency coefficient (MPa), n is work-hardening exponent, and is the thermal softening coefficient. In definition of temperature softening term, is temperature of material, is room temperature or reference and also is melting temperature of a given material. A ε represent the true strain, is the strain rate and normalized with reference strain rate . The Johnson-Cook material model constants for titanium alloy [8] and H-13 tool steel [9] are given in Table 1. Table 2 shows thermal and mechanical properties of workpiec and cutting tool. The chip separation from workpiece was simulated using Johnson-cook failure model which is most suitable for deformation of material at high speed and high strain-rate. The Johnson-Cook dynamic failure is allowed to occur when the fracture damage criteria D exceed 1 and the concerned element are removed from computation. The damage parameter used in this simulation is defined in Eq. (2):
. (2) where ∆ ̅ is the increment of equivalent plastic strain and is strain at fracture, under current conditions. According to Johnson-Cook damage law, the cumulative Strain ∆ ̅ is updated at every analysis increment and the general expression for the strain at fracture criteria is assumed to be separable and given as Eq. (3):
where d 1 -d 5 are failure parameters were experimentally determined and the ratio of p/q is defined where p is the pressure stress and q is the Von Mises stress. Physical shear failure occurred in the model when the damage parameter reached unity. The damage parameters of titanium alloy and H13steel used in this simulation are presented in Table 3 . Table 3 . The Johnson-Cook damage law parameters for Titanium alloy and H-13 steel.
Damage law parameters TiAl6V4 [8] H-13 steel [9] Initial failure strain, 0. The friction between tool rake face and chip is based on Coulomb's friction law to find temperature distribution along tool-chip distribution. In this case, if a wide range of high cutting speed is considered then friction modeling has been used in previous publications [11] . This model is defined in Eq. 4, where is frictional stress along the tool/chip interface, is the friction coefficient; ! is normal stress on the tool and " is the limited shear stress of the material. 
" &'( when ! ≥ " $% (sticking friction)
The temperature distribution obtained from FEM simulation for machining of titanium alloy and H-13 tool steel at 300 m/min are shown in figs. 2 and 3 respectively. It is noteworthy that the maximum temperature occurs inside chip when machining titanium by PCBN cutting tool because 38 Mechanical and Electrical Technology V of low thermal conductivity of titanium alloy. Temperature distribution for machining of H-13 is much lower at cutting zone as compared machining of titanium alloy. This is due to the fact that for the tool and workpice with highest thermal conductivity the heat generated at tool/chip interface is lower. However, PCBN tool offers a greater thermal conductivity and chemical stability for machining of difficult to cut material. The results have a good agree with Umer [9] and Ezugwa [12] . machining of H-13 tool steel.
The stress distribution on workpieces in the cutting direction when machining at 300 m/min are given in the figs. 4 and 5. From the simulation results it was observed that stress distribution does not occur much on the tool tip as compare workpice surface. It can be the fact of the element deletion method; consequently there is not load on tool tip. The stress field is significantly lower on the machined layer in machining of titanium alloy as compare with H-13 tool steel; however they differ in modulus of elasticity and magnitude. In this study, a finite element model based on ABAQUS software was used to model temperature and stress distribution when machining titanium alloy and H-13 tool steel with PCBN cutting tool material. Predictions of temperature field indicated that maximum temperature occur on chip in machining of titanium alloy, whereas very high temperature predicted at tool/chip interface for machining of H-13 tool steel. The stress field during simulation work is also captured. The stress distribution was lower on the machined layer in machining of titanium alloy as compare with H-13. As a result of this investigation, when predictions combined together, it can helps to select proper cutting tool material for metal cutting process and also to reduce tool wear and manufacturing costs by using of FEM.
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